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composition as a receptor agonist or antagonist. The assays can be used to screen libraries of test compounds to identify therapeutically 
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whose nanjral ligands are unknown. Methods of generating indicator cells expressing GPCRs, and isolated populations of such indicator 
cells, are also disclosed. 
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FUNCTIONAL BIOASSAY FOR G-PROTEIN COUPLED RECEPTOR 
AGONISTS AND ANTAGONISTS 

Background of the Invention 

5 Cellular responses to external stimuli are primarily mediated by receptor based 

systems. One of the most ubiquitous and sizable transmembrane receptor families, with 
members observed in organisms from bacteria to yeast to man, is the G-protein coupled 
receptor (GPCR) family. Receptors of this family associate with a membrane-bound G 
protein composed of a, P and y subunits. Following agonist binding to the receptor, a 

1 0 conformational change is transmitted to the G protein, which causes the a-subunit to 

exchange a bound GDP molecule for a GTP molecule and to dissociate from the Py-subunits. 
The GTP-bound form of the a-subunit typically functions as an effector-modulating moiety, 
leading to the production of second messengers, such as cyclic AMP (e.g., by activation of 
adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different types of 

1 5 a-subunits are known in man, which associate with a smaller pool of p and y subunits. Thus, 
different G-protein coupled receptors may associate with G-proteins having different a, p 
and/or y subunits. For reviews on signal transduction by G-protein coupled receptors, see 
Gilman, A.G. {19S7) Annu. Rev. Biochem, 56:615-649; Stryer, L. and Bourne, H.R. (1986) 
Annu. Rev, Cell. Biol. 2:391-419; and Bimbaumer, L. (1990) Annu. Rev. Pharmacol. Toxicol. 

20 30:675-705. 

Most GPCRs are members of the seven transmembrane segment (7 TMS) receptor 
family. This family is made up of at least several hundred distinct receptors and includes 
receptors that respond to signals ranging from environmental stimuli, such as photons, 
odorant molecules and sweet tasting sugars, to molecules involved in intercellular 

25 communication, such as biogenic amines, lipids, peptides and glycoproteins, including 

.neurotransmitters, neuromodulators and hormones. Structurally, the receptors of the 7 TMS 
family are composed of an extracellular amino terminal domain, seven hydrophobic regions 
that span the cell membrane, six "loop" domains that connect the transmembrane segments (3 
intracellular and 3 extracellular) and, for many but not all members, an intracellular carboxy 

30 terminal domain. The transmembrane segments of 7 TMS family members exhibit 

considerable homology, whereas the connecting loops are less conserved, showing high 
homology only between closely related receptor subtypes. Two of the most extensively 
studied 7 TMS receptors are rhodopsin, which is expressed in the retinal rod cells and 
converts light energy into a neurochemical signal (see e.g., Nathans, J. (\9S7) Annu, Rev, 

3 5 Neurosci. iO: 1 63- 1 94) and the p2-adrenergic receptor, which is expressed in most 

manmialian tissues and activates adenylate cyclase to produce cAMP (see e.g., Dixon, R.A.F. 
et al. (1986) Mature 321:75-79). Additionally, the conserved structure among 7 TMS 
receptors has allowed for the cloning of many novel genes encoding 7 TMS receptors whose 
natural ligand and function are yet to be elucidated. These receptors have been referred to as 



30 
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Sconces U^394.396, For reviews o„ 7 TMS rec^,ors. e.g.. Dohlman, „.g. « a,. (,T „ 

Sciences 14:303-307. 

by U,e su« of aenvauon or blockade of a G.pro,ei„ coupled receptor. Receptor m«a,ions 
«. or h^an diseases are being elucidated a. an increasing rare and nuy be e Z 
oss-of-fitncuon muuuons or acrivaring m„«o„s. Examples include mu«,i„„ of a,e 

J77Z':T°T- '° *y-<l adenomas (see e.g., Parma J 

e. al. (1993) ^„,„„ 355:649-651). murarion of ,he Aodopsin gen«. leading ,o re^^mtis 
p,gmen.osa(see e.g.. Ke«,, TJ. e. a.. (1991) Ge»<,.toU:199.205; ^ Robinson. P R e. al 
(1992) W:7„.725). m«a,ion of ,he luteinizing hortnone r«eptor gene, leading I 
precocous puberty (see e.g.. Shenker. A. et al. (1,93) ,a.ur. 3^5:552-654) ^d muZ of 
*e ^nocorttcotropin receptor gene, leading ,„ familial glucocorticoid deftciency (see " g 

Clark, A.J.L.e,al.(1993)X.„„,H1.461-462).P„rareviewof the roleofOPCl^r 
disease, see Coughlin. S.R. (1994) Curr. Op. Cell. Bhl. 6:191-197 

Numerous importan, drugs for the treatment of various disease conditions ac, by 
mfluencng the activity of G-protein coupled receptors. Examples include agonist analogs of 
onadotroptn-releasmg homtone. such as leuprolide, gonadorelin and nafareL. whic L 
en used to tteat prostate ^d breast ccinomas. uterine leimyomatas. endometriosis, 
t a ,T,;:> -tumorous ovarian hyperandrogenic syndrome (see e.g.. Pace. ,.N. 

al. (1992) .4".. Fa.. FHys,c,a„ M:1777.1782). the cardiac P-adrenergic receptor antagonist 
«l. Which has been used to ueat hyperiension. angina pectoris and psychiaX 
d.sord«s (see e.g., Nace, G.S. and Wood. A.J, (1987) Clin. P/,»,»r,coW.n 51-64 
Ananth, J. and Lin, K.M. (1986) Ne^opsycHotlolos, 15:20-27), the puhnoni; 02- ' 

"tZT ""t""' ^-"-^ as a bronchodilator (see e.g.. 

Hurst A. (1973)^»„.Wferg,21:460-466)andthehistaMine2 receptorantagonist 

2 609 6U) ''"^"^ ^ ^'c/ 



35 



Summary of the Tnvpnrinn 

Given the important role of GPCRs in both normal cellular responses and aberrant 
dts^se processes, assays that allow for the idenUfication of agonists or antagonists of GPCRs 
- htghly desirable. TlUs invention provides fitnctiona, bioassays for iden^^ng aglll 

antagontstsofawtde variety ofGPCRs. The bioassaysofthe invention are IpleZ^^^ 
M.-tl«ughput. Moreover, these screening methods enable mammalian GPC^lTiL 
pantcular human GPCRs. to be assayed <vithi„ a mammalian cellular environmem 
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Compounds can be tested in these assays singly or, more preferably, in libraries of 
compounds. Thus, the assays allow for rapid screening of large panels of compounds. 
Furthermore, the assays of the invention can be applied both to known GPCRs and to 
"orphan" GPCRs for which a natural ligand is unknown. Thus, the methods of the invention 
5 are useful for identifying therapeutically useful agonists or antagonists of known GPCRs as 
well as for investigating the function of orphan GPCRs. 

In the methods of the invention, a population of indicator cells (e.g., mammalian 
cells) is contacted with a test composition containing one or more test compounds, at least 
one parameter of cellular metabolism of the indicator cells is measured and the test 

1 0 compound(s) is identified as a receptor agonist or antagonist. The indicator cells express the 
GPCR of interest, preferably by introduction into the cells of a nucleic acid molecule 
encoding the GPCR. The test composition can include one or several (e.g., a library) of test 
compounds. Additionally the test composition may include one or more known receptor 
agonists or antagonists. For example, a test compound can be identified as a receptor 

1 5 antagonist based upon its ability to alter the effects of a known receptor agonist on the 
indicator cells when the indicator cells are contacted with both the test compound and the 
known receptor agonist. Furthermore, the test composition can include one or more agents 
that alter the metabolism of a second messenger(s) in the indicator cells. 

Preferred GPCRs for use in the assays of the invention include luteinizing hormone 

20 releasing hormone receptor (LHRH-R; also referred to as gonadotropin releasing hormone 
receptor (GnRH)), Ml muscarinic receptor and p2-adrenergic receptor (p2-AR). In another 
embodiment, the GPCR couples to a Gq/1 1 G-protein (e.g., LHRH-R, acetylcholine, 
adenosine 1, a-adrenergic, angiotensin, bombesin, bradykinin, C5a, cholycystokinin, 
endothelin, glutamate, 5HT, histamine (HI subtype), neurotensin, neurokinin, oxytocin, 

25 thyrotropin releasing hormone, thyroid stimulating hormone, thromoboxane A2 and 

vasopressin). In another embodiment, the GPCR couples to a Gs G-protein (e.g., P2-AR, 
cardiac p-adrenergic, histamine (H2 subtype), thyrotropin, growth hormone releasing factor 
and adrenocorticotropic hormone). In yet another embodiment, the GPCR is a chimeric 
receptor composed of at least one ligand binding domain of a first seven transmembrane 

30 segment receptor and at least one signal transduction domain of a second seven 

transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein in the indicator cells. In still another embodiment, the GPCR is an orphan receptor 
(i.e., the natural ligand for the G-protein coupled receptor is unknown). 

In one embodiment of the screening assay of the invention, the parameter of cellular 

35 metabolism that is measured in the indicator cells is viability or proliferation. For example, a 
test compound can be identified as a receptor agonist based upon its ability to decrease the 
viability and/or proliferation of the indicator cells when contacted with the indicator cells. 
Alternatively, a test compound can be identified as a receptor antagonist based upon its 
ability to increase the viability and/or proliferation of the indicator cells when contacted with 
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the indicator cells and a known receptor agonist. In this embodiment, the GPCR preferably 
coup es to a G,/l 1 G-protein (e.g., LHRH-R) or .s a chimeric GPCR composed o T ^ 
transduction domain(s) that allows the chimeric GPCR to couple to a Gq/11 G-protein 
In another embodiment of the screening assay of the invention, the parameter of 

> cellular metabolism that is measured in the indicator cells is cellular morphology Fo 
example, a test compound can be identified as a receptor agonist based upon its ability to 
al er the morphology of the indicator cells when contacted with the indicator cells 
Alternatwely, a test compound can be identified as a receptor antagonist based upon its 
ab hty to restore the indicator cells to their original morphology when contacted wil tL 

) mdicator cells and a known receptor agonist. 

recomh^'' ."r'"" """'^ ^'^^^"^ ' -P-sses a 

ecom nant G.protem coupled receptor on a membrane of the cell for use as an indicator cell 
m the screenmg assays. In this method, a nucleic acid molecule that encodes the re cep s 
mtroduced mto the cell under culture conditions in which stimulation of the recZ bT 

> -;P--g7stsisinhibited.Astablepopulationofcellsexpressingarecom 2 
protem coup ed receptor in a culture medium under culture conditions in wh^ of 

the receptor by receptor agonists is inhibited is also within the scopeoftheinve"^ 
Nucletc acd molecules encoding chimeric GPCRs and host cells expressing GPCR. 
are also provided by the invention. expressmg GPCRs 

I 

Brief DescripHn» ,>f the nrawinp c 

Figure lA-B are graphic representations of the reduction of MIT by CHO cells either 

r^eptor LHRH-R) (panel B), ,„ ,he presence of increasing concenmrdons of an LHRH-R 
go„., alone, .ncreasing concenttadons of an LHRH-R antagonist (andde) alone or^ 1 
ransfected cells (pane, B), increasing c„nc».ra,io„s of an LHRH-RR agonis, To^^ Z 

InM, 10 hM or 100 nM antagonist. -si logetner witli 

Figure 2A-B are graphic representations of the reducUon of MTT by CHO cells eith,r 

Pi^sence of tncreastng concentrattons of an Ml nn^arinic receptor agonist (carbachol) 
alone, tncre^tng conc^trations of an Ml muscarinic recepu,r antagonist (pire„zepi„e"alone 
~g concentrations of agonis. together wid, , ,M (pa.1 B only,!'; 0 .M^orTo . M 

Figure 1 is a graphic representations of the reduction of MTT by CHO cells 
"an.fec.ed wi* the LHRH receptor in as assay in which a eon,binau,rid peptiJetra,. ™s 
■nested w,.^ jhe CHO cells in ei*er Ure presence (filled bars, or absence ('pi Who 
LHRH agonts. D-H,s'-LHRH (a. I nM,. .„ nvo san,ples, a known LHRH agonis. or 

:rr.:„:.ra:r--^'='"-^^^^^^ 
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Figure 4 is a photograph of CHO cells showing the effect of the p2-adrenergic 
receptor agonist salbutamol on the morphology and alignment of CHO cells expressing the 
human p2-adrenergic receptor. 

5 Detailed Description of the Invention 

This invention provides methods for identifying G-protein coupled receptor (GPCR) 
agonists or antagonists, i.e., screening assays for agents that stimulate or inhibit the activity 
of a GPCR. The methods of the invention are functional bioassays. The methods are based, 
at least in part, on the discovery of detectable changes in cellular metabolism that occur in 

1 0 indicator cells expressing the GPCR when the indicator cells are contacted with a receptor 
agonist or antagonist. In various embodiments of the invention, these detectable changes in 
cellular metabolism include changes in cell viability, cell proliferation or cell morphology. 
For example, one embodiment of the method of the invention is based, at least in part, on the 
discovery that an indicator cell expressing a GPCR displays decreased cell viability and/or 

1 5 proliferation in the presence of a receptor agonist. Moreover, cell viability and/or 

proliferation in the presence of a receptor agonist can be restored by the additional presence 
of a receptor antagonist. Another embodiment of the mediod of the invention is based, at 
least in part, on the discovery that an indicator cell expressing a GPCR displays detectable 
changes in cell morphology in the presence of a receptor agonist and that these morphological 

20 changes are reversed in the presence of a receptor antagonist. 

The methods of the invention are simple, rapid and high-throughput assays that allow 
for the efficient screening of either individual compounds or libraries of compounds. 
Furthermore, these methods are widely applicable to different GPCRs and can even be used 
to identify ligands for "orphan" receptors of unknown function. Accordingly, the methods of 

25 the invention can be used both to investigate GPCR function and to identify compounds 
useful for manipulating or altering GPCR activity, e.g., for therapeutic purposes. In a 
preferred embodiment of the invention, mammalian cells are used as indicator cells in the 
screening assays, thereby allowing for identification of agonist or antagonists of mammalian 
GPCRs in the context of a mammalian cellular environment. 

30 Other aspects of the invention pertain to methods for preparing indicator cells useful 

m the screening assays of the invention and compositions, e.g., cells and vectors, used in the 
assays. The various aspects of the invention are described in further detail below. 

In one embodiment, the invention provides a method for identifying an agonist or 
35 antagonist of a G-protein coupled receptor comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound, 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 
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c) idemifying fte at teas, one test compound of ft, „s, composhion as an 
agonist or an antagonist of the G-protein coupted receptor. 

As used herein, the term "G-protein coupled receptor" (or "GPCR") refers to a 

' TfaTanT' "^"'"^J" ' a G-protein (e.g., a protein composed 

ofa,|5andTsubu„,.sandwh,chhydrolyzesOTP). Preferably, the GPCR is a "seven 
transmenabrane segmem receptor" (or "7 TMS receptor"), which refers to a protein that 
structurally comprises seven hydrophobic transmembrane spanmng regions 

Examples of OPCRs suitabte for use to the methods of the invention include the 
utemtzmg ho™^ne releasing honnone (LHRH) (also known as gonadotropin releasing 
ormon^ OnRH) rec^tor, the Ml muscarinic receptor and the pZ-adrenergic receptor Other 
preferred receptors tnclude opioid receptors, endothelto receptors, angiotet^to recepl 
neuropeptide Y receptors and serotonin K receptors sm receptors, 

of GPCRs have been classified according the 0-protein to which 
*=y coupte (i.e., associate with, inUacellularly. Accordingly, in one embodiment the GKR 
^d. the screening assay couples to (i.e., as«ciates ^th, a G,/, 1 G-proteia E^Z of 
OPCRs , ha, couple to a 0,/l I G-protein include the following receptors: LHRH (=G^ 
acetylcholine (ml. 3 and 5 subtypes). Ml muscarinic, adenosine 1, '-adrenergic ( 1 A^' 
and alC subtypes,, angiotensin (ATIA subtype). bombesin (BBl Ind BB^Ty e f 
brady mm (B2 subtype), C5a, cholycystokinin (CCKa and CCKb subtypes,, endoftelto (Eta 
2 E.b sub^Pes), glutamate (mOlul, 5 subtypes), 5HT(2A. B and C subtypes), his^ine 

In another embodiment. Uie GPCR used to the screening assay couples to (i e 
_ wtth) a G3 O-p^tein. Examples of OPCRs that coupte to a G, G-prote to include 
e following receptors: p2-adre„ergic. cardiac p-adre„ergic, histamine (H2 Ibtype, 
yro^opin. growth honnone releasing factor, adrenocorticotropte hotmone (ACm, 5HT. 
ollicte stimtilatmg honnone (FSH). thyroid sttoiulating hormone (TSH), GLP-1 gl cl" 

totZr' * 'r^'' '-^P'' v-pressto • vtoacl'e 

intestinal polypeptide and parathyroid hormone. " » y 2, 

In another embodiment, dK GPCR used in the screenmg assay couples to (i e 
™s with) a Gi G-protein. Examples of OPCRs that coupte to a 0, 0 proteil Lude 
Aefollowtng receptors: 5HT (lA, IB, ID and IF subtypes), mOlutami eR (2, 3 subtypes 

uTZr ' ™ '^'''^ "3 (A3), somatosl (4. 3 
subtypes), ^-opiod, 5-op,od, K-opiod, neuropeptide Y (1, 2 subtypes) 

"omhan " "hat has been refened to to the ar, as an 

bu^f! . ?r ^ ' ^-"""-"y sMar to other OPCRs 

but for whtch the natural ligand is unknown prior to us. of the otphan receptor inle 
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screening assay of the invention. In this latter embodiment, the screening assay can thus be 
used to identify test compounds as ligands of the orphan receptor. For example, naturally- 
occurring substances can be screened in the assay to investigate whether they are natural 
ligands for the orphan receptor. Accordingly, in addition to allowing for agonists and 
5 antagonists of known GPCRs to be identified, the bioassays of the invention also are useful 
for investigating the function of orphan GPCRs by identifying ligands for these receptors. 

As used herein, a receptor "antagonist" refers to an agent that inhibits the activity of a 
GPCR, whereas a receptor "agonist" refers to an agent that stimulates the activity of a GPCR. 
Inhibition or stimulation of receptor activity by an antagonist or agonist, respectively, may be 

1 0 partial or complete. 

As used herein, the term "population of indicator cells" refers to a multiplicity of cells 
that express at least one GPCR of interest (i.e., the GPCR for which a receptor agonist or 
antagonist is to be identified). An indicator cell "expresses" a GPCR when the GPCR is 
present on a membrane of the indicator cells. The indicator cells may naturally express the 

1 5 GPCR of interest (also referred to as "endogenous" expression) or, more preferably, the 
indicator cells express the GPCR of interest because a a nucleic acid molecule that encodes 
the receptor has been introduced into the indicator cells, thereby allovwng for expression of 
the receptor on the membrane of the cells (also referred to as "exogenous" expression). 

Cells which endogenously express a GPCR are well known in the art and can be used 

20 in the screening assay of the invention. However, more preferably, an indicator cell for use in 
the assay is prepared by introducing into the cell a nucleic acid (e.g., DNA) encoding the 
GPCR of interest such that the GPCR is expressed on a membrane of the cell. Preferably, the 
indicator cell does not express the GPCR of interest prior to introducing the GPCR-encoding 
nucleic acid into the cell. The GPCR-encoding nucleic acid introduced into the cell is in a 

25 form suitable for expression of the receptor on a membrane of the cell, meaning that the 

nucleic acid contains all of the coding and regulatory sequences required for transcription and 
translation of the nucleic acid encoding the GPCR, which may include promoters, enhancers 
and polyadenylation signals, and sequences necessary for transport of the receptor to the 
surface of the cell, including N-terminal leader sequences. In a preferred embodiment, the 

30 nucleic acid introduced into the cells is a recombinant expression vector carrying a cDNA 
encoding the GPCR. In recombinant expression vectors, the regulatory functions responsible 
for transcription and/or translation of the cDNA are often provided by viral sequences. 
Examples of commonly used viral promoters and/or enhancers include those derived from 
polyoma. Adenovirus 2, cytomegalovirus and Simian Virus 40, and retroviral LTRs. Suitable 

35 expression vectors for expression of a GPCR in an indicator cell are well known in the art 
and many are commercially available. The recombinant expression vector can be, for 
example, a plasmid vector or a viral vector (e.g., a retroviral vector, an adenoviral vector or 
an adeno-associated viral vector). Expression of the GPCR on the surface of the indicator 
cell can be accomplished, for example, by including the native sequence of the GPCR in the 
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cDNA carted by ,he recombinm exp^ssion ve<:«„, and, p„fe„ably. by adding a 
he.e,ologous signal sequence (i.e.. f„„ a„„,h„ p„„i„, f„, ' 
c^ge U,e .nuacellniarprocessing pa.bway of ,he GPCR. I. is kn„™ in U,ea„I, 1 ,a 
he .ologous leade, sequence can improve ,he efliciency of expression of a p.,ei„ inThl 
5 21 f — p,e. U,e leader sequence ft». .issue p,as„,i„ogen ac.iva,o, (.PA) can be ^ 
to the native sequence of a GPCR. 

In addition » i„.roduci„g into .he hos. cell a nucleic acid molecule encoding a GPCR 
^ .ona^nuc e,c ac.d molecules encoding o.her gene produc. n,ay also be in,™dL T 
des,.d u, modular d,e responsiveness of U,e hos, cells (e.g., .o increase or decease ,h r 
10 «,..y ,0 agon,s.s or an«gonis.s). For exan,ple, a nucleic acid molecule encod^g a O 

^o.e,n 0 ,„.e.s, (e.g.. Oq/I G,, O, e.c., can be con^fec.ed inu, U,e hos, cell sl l 
fte 0-pro.e,„ ,s expressed in ,he hos, cell (e.g., eite ,o increase amoun, of ex™ 
^o«,. ,„ a hos, cell which endogenously expresses *a, san,e G-pro.ei„. or aulZ Z 
allow for express,on of a panicula, 0.p™«„ i„ a hos. cell which does „ . endorell y 
15 express tha, particular G-prorein). ' enaogenously 

A nucleic acid encoding a GPCR (e.g., a recombinan. expression vecor) can be 
.nttoduced ,„» cells by a varte.y of well-known cell nansfecion .echniques u^rfonhis 
pu,^e, nrcludrng elec„opora.ion, calcium-phosphale precipiuUon. dLeZ^ 
tt«.menu l.pofecUon, mic,oi„jec,io„ and infeciion wiU, viral vectors. Suiuble me.hods for 
20 ■"■'Oduc.ng nucleic acid i„.o cells can be found in Sambrook e, al. (M^..J^^ 
^m^^^LMmM^lMSmm. Cold Sprmg Harbor Labo^ory p^;7^i;Si;;^ 
abonuory manuals, and lci« for nansfecUng cells are comn,ercially available Cells mTy be 

nucleic acd. Stole .ransfecon can be accomplished by use of an autonomously replicaL 

d.e GPCR-encod nucle.c acd ,„.„ their genomes. Since .ypically only a small percen,a„e 

GPcT^^ T'"' ^ along „i hTe 

GPCR.encodmgnucle,cac,d. Preferred selecuble markers include tf,ose which coLr 

™^uced on dre s»e nucleic acid molecule (e.g., plasmid, encoding the GPCR or m"^ 
mm>duced on a separate nucleic acid molecule (e.g.,plasmid) or may be 

mammalran cells. The abrhfl, to use mammalian cells in *e screening assay of U,e inveniion 

~(e.g..GPCRsoffterapeudcrelevance)sinceme,es,compound(s)isaryL 
garns, U« receptor wi«nU.con.ex.ofamammaliancelle„viroIen,.m^ncl^ 
10 assay systems ta udlize yeas, (e.g.. PCT Applicaiion No WO 94/23025^d ! 

M.E. e, al. ,1994) ^,„c. Soc. E,p. B.ol. Me^ 2fiS:35-44) or pigment cells from amphibians or 
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reptiles (e.g., PCT Application No. WO 92/01810; and Lemer, M.R. (1994) Trends in 
Neuroscience 17:142-146). Non-limiting examples of suitable mammalian cell lines that can 
be used to prepare indicator cells for use in the methods of the invention include Chinese 
Hamster Ovary (CHO) cells, COS cells, 3T3 cells, HeLa cells and 293 cells. The most 
preferred cells for use in the methods of the invention are CHO cells. Other similarly suitable 
cells will be apparent to those skilled in the art. Mammalian cell lines from which indicator 
cells can be prepared are available from the American Type Culture Collection, Rockville, 
MD. 

As used herein, the term "test composition" is intended to encompass material that 
includes at least one "test compound", which refers to a compound to be assayed to determine 
whether it is a receptor agonist or antagonist. A test composition may contain a single test 
compound or multiple test compounds. For example, the test composition can include a 
library of test compounds, e.g., a combinatorial library of peptides. A library of test 
compounds can be screened in pools, and the pools that test positive for a receptor agonist or 
1 5 antagonist can be subdivided and rescreened. This process then can be repeated as necessary 
until a single positive test compound is identified from the library. 

Optionally, the test composition can include additional substances. Additional 
substances that can be included in the test composition include known receptor agonists and 
known receptor antagonists. For example, a knovm receptor agonist can be included in the 
20 test composition to elicit a metabolic response from the indicator cells and a test compound 
can be identified as a receptor antagonist based upon its ability to reverse or inhibit the 
metabolic response elicited by the receptor agonist. Similarly, a known receptor antagonist 
can be included in the test composition to elicit a metabolic response from the indicator cells 
and a test compound can be identified as a receptor agonist based upon its ability to reverse 
25 or inhibit the metabolic response elicited by the receptor antagonist. Other substances that 
can be included in the test composition include agents that alter the metabolism of second 
messengers in the indicator cells. Examples of such agents include phorbol esters (e.g., 
phorbol myristate acetate), calcium ionophores (e.g., A23187), phosphodiesterase inhibitors 
(e.g., isobutyl-methylxanthine) and staurosporine. Such agents can be included in the test 
30 composition to alter (e.g., increase or decrease) the sensitivity of die indicator cells to the test 
compound(s) and/or a knovm receptor agonist or antagonist. 

As used herein, the term "parameter of cellular metabolism" is intended to include 
detectable indicators of cellular responses that are regulated, at least in part, by a GPCR 
expressed by the indicator cell. Examples of parameters of cellular metabolism that can be 
35 measured or determined in the assays of the invention include cellular viability, cellular 

proliferation and cellular morphology (explained in further detail below). A test compound is 
identified as a receptor agonist or antagonist based upon its causing a change in at least one 
parameter of cellular metabolism of the indicator cells when the test compound is contacted 
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«h ,he indicator cells, as compared ,o ,he cellular meubolis™ of U,e indicator cells in ,he 
absence of the test compound. 

h...H ' k!!"™"' GPCR is identified 

el s. Accordingly, .n one embodiment, the invention provides a method for identifying an 
agomst or an antagonist of a G-protein coupled receptor, comprising- 

a) contacting a population of indicator cells with a test composition 
contammg at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

c) Identifying the at least one test compound as an agonist or an antagonist of 
the G-protem coupled receptor. «"HctBonisi oi 

As described i„ ft.„her detail in Exan,ples 2 and 3, OPCR-expressing indicator cells 
— '^^iW ^-sed cell viabiUty and/or proliferation In contacZ^ 

^i:^s'zr'°'™'^'^"'°"'^"°''*='"*^^^^ 

"""'"^ ^ - » ^«°-' "f ' GPCR based upon 

.s abthty ,0 decree U,e vtability and/or proliferation of a population of indicator cells wlT 

In another embodinent, the test contposiUon comprises a tes, compound(s) and a, 

« one knownreceptoragonis, or antagonist. For exan»p,e.atestc„mpldcjr 
^»«f,e as an anugonist of a GPCR based upon its ability to increase the viabilityLor 

P°l*-'°""fapopul..ionofindicatorcells„hencon.ac,edMththecellsin.heprrstc^^ 
25 ^ a receptor agonist, as compared to the viability and/o, proliferation of the i„dLa» ferin 
presence of the receptor agonist alone. Accordingly, in another embodiment the 

30 • , " ""^^ ' pop^Mon of indicator cells with a test composition 

30 ™«">.ng at leas, one test compound and at least one known receptor agol- 
b) measunng viability or proliferation of the indicator cells- and 

coupled reeeptot " °" " ^ 
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specifically toxic to the cells would be selected in addition to compounds that act specifically 
as receptor antagonists. 

The viability or proliferation of the indicator cells can be measured by one of several 
suitable techniques well known in the art. For example, cell viability can be determined by 
5 cell counts (e.g., with a haemocytometer) of cells, preferably treated with a dye such as 
trypan blue (which is excluded from viable cells) or by measuring an enzymatic activity in 
the indicator cells that correlates with cell viability, such as reduction of a tetrazolium salt 
(e.g., 3,(4,4-dimethylthiazoI-2-yl)2,5.diphenyl-tetra2olium bromide [MTT]), which can be 
detected spectrophotometrically (see Examples 2 and 3). Additionally, cell viability can be 

10 determined using such indicator dyes as propidium iodide, acridine orange and Hoechst 

33342. Cell proliferation can also be determined, for example, by tritiated thymidine uptake. 
For mammalian cells, measurement of cell viability or proliferation of the indicator cells is 
typically performed at about 2 to 7 days after contact with the test composition. 

A preferred GPCR for use in this assay system is LHRH-R. As demonstrated in 

1 5 Example 2, when an LHRH-R-expressing Chinese Hamster Ovary (CHO) cell is contacted 
with a known LHRH-R agonist, the reduction of MTT by the cells (as an indicator of cell 
viability) is decreased. Moreover, when the LHRH-R-expressing CHO cells are contacted 
with both the receptor agonist and a known receptor antagonist, the decreased viability of the 
cells induced by the agonist is reversed. A test compound(s) can similarly be screened 

20 against such cells and the viability and/or proliferation of the cells measured to identify the 
test compound(s) as a receptor agonist or antagonist. Known LHRH-R agonists or 
antagonists, which can be included in the test composition (e.g., a known agonist may be 
included in the test composition to identify test compounds as receptor antagonists) are 
commercially available (e.g., from Sigma Chemical Co., St. Louis, MO). Preferred LHRH-R 

25 agonists include LHRH analogues such as [D-His6]-LHRH, whereas a preferred LHRH-R 
antagonist is antide. 

Another preferred GPCR for use in this assay system is the Ml muscarinic receptor. 
As demonstrated in Example 3, when an Ml muscarinic receptor-expressing CHO cell is 
contacted with a known Ml muscarinic receptor agonist, the reduction of MTT by the cells 

30 (as an indicator of cell viability) is decreased. Moreover, when the Ml muscarinic receptor- 
expressing CHO cells are contacted with both the receptor agonist and a known receptor 
antagonist, the decreased viability of the cells induced by the agonist is reversed. A test 
compound(s) can similarly be screening against such cells and the viability and/or 
proliferation of the cells measured to identify the test compound(s) as a receptor agonist or 

35 antagonist. Known Ml muscarinic receptor agonists or antagonists, which can be included in 
the test composition (e.g., a known agonist may be included in the test composition to 
identify test compounds as receptor antagonists) are commercially available (e.g., from 
Sigma Chemical Co., St. Louis, MO). A preferred Ml muscarinic receptor agonist is 
carbachol, whereas a preferred Ml muscarinic receptor antagonist is pirenzepine. 



10 
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In a preferred embodiment, when viability or proliferation of the indicator cells is 
used as the metabolic parameter based upon which a test compound is identified as a receptor 
agonist or antagonist, the GPCR expressed by the indicator cells couples to a Gq/1 1 G- 
_ protem. I„ addition to the LHRH receptor described above, other examples of GPCRs that 
> -MetoaG,/!, G-protein include the fol.owmg receptors: Ml muscle. acetylchoUne 

(ATI A subtype), bombesm (BBl and BB2 subtypes), bradykinin (B2 subtype) C5a 
T^TTT (CCKa and CCKb subtypes), endothelin (Eta and Etb subtype^), glutamate 

neurokimn (NK2. 3 subtypes), oxytocin, thyrotropin releasing hormone (TRH) TSH 
thromoboxane A2 and vasopressin (V 1 a subtypes). 

GPCR Their'" '''^^ ^---y - - chimeric 

GPCR. The chimenc receptor comprises at least one ligand binding domain of a first seven 

— ^-segment(7TM 
15 econd seven transmembrane segment (7 TMS) receptor. In a preferred embodiment th 

mbn^ r"""''^""'''"''^^''^'" G-protein in the indicatorcells. Inother 

7TMSr ; 7'"' ^^^^"'^ transmembrane segmen 

20 G r . "'^^ ""'^ ^''"^'^ -^^'^^ type of G-protein e g 

20 Gs or Oi, in the indicator cells. F™«in, e.g.. 

Regarding the strucmre of 7 TMS receptors, the transmembrane segments will be 
;« r ; " ™' "> ^•■~)- intraceumar 

vTlr r^ft. " " "'""'"^ ™' ' ^ ™s m and TMS 

VII). The l'S»<lb.nd,ngdoma,n-ofa7TMSrec=ptorrefers,o,hepotti„„(s)otthe 
Receptor that ,s necessaty for recognition of a ligand by the receptor, whereas the "signal 
»ansduct,„n domain- of a 7 TMS receptor refers to the port,on(s, of the receptor U,aUs 

30 •-^''-■'O" -eptor and in particnlar for coupling of the receptor 

30 10 a specific G-protein (e.g.,Gq/U). ■•ne receptor 

The construction and expression of certain chimeric 7 TMS receptors, composed of 
described ,„ the an. For example, chimeras have been consmicted between a2. and B2- 

1" ^"'^"''^ " ^- <"^' 

n«7™\ , ■^^-""--i- '-P»- e.g., Kubo, T. et al. 

*t_ „ a 7 TM receptor contribute to the liga™. binding properties of the receptor 
to the G-protem couplmg propenies of the receptor. In panicnlar, detenninants involved 
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in G-protein recognition have been mapped to intracellular loop 3 (IC 3), which connects 
TMS V and TMS VI. Accordingly, in one embodiment, the "at least one signal transduction 
domain of a second 7 TMS receptor" of the chimeric receptor comprises at least intracellular 
loop 3 (IC 3) of a 7 TMS receptor that couples to a G-protein of interest, e.g., a Gq/1 1, Gj or 
5 Gj G-protein. 

Preferably, IC 3 from an LHRH receptor (which couples to Gq/1 1) is used. More 
preferably, IC 3 from the human LHRH receptor is used. The nucleotide and amino acid 
sequences of mouse and human LHRH-R are disclosed in PCT Publication No. WO 
94/00590 by S.C. Sealfon. According to the amino acid sequence of human LHRH-R 

1 0 disclosed therein, IC 3 corresponds to about amino acid residues 234 to 268. Therefore, to 
construct a chimeric GPCR comprising IC 3 of human LHRH-R, a nucleotide sequence 
encoding amino acid residues 234 to 268 of human LHRH-R is exchanged for the nucleotide 
sequence encoding IC 3 of another 7 TMS receptor using standard recombinant DNA 
techniques (such as the polymerase chain reaction, restriction endonuclease digestion, DNA 

1 5 ligation and the like). For example, to construct a p2-adrenergit receptor (|52-AR)/LHRH-R 
chimeric receptor, the region of the P2-AR cDNA encoding IC 3 is deleted and replaced with 
a nucleotide sequence encoding IC 3 of LHRH-R. This chimeric cDNA can be cloned into a 
recombinant expression vector and introduced into host cells by standard techniques, as 
described above, to create indicator cells expressing the chimeric receptor for use in the 

20 bioassays of the invention. 

In addition to IC 3, the chimeric receptor may contain additional portions of the 
second 7 TMS receptor involved in signal transduction, such as IC 1 and/or IC 2. For 
example, when the second 7 TMS receptor of the chimera is human LHRH-R, amino acid 
residues 62-76 (corresponding to IC 1) and/or 140-156 (corresponding to IC 2) of human 

25 LHRH-R can be exchanged for the equivalent IC 1 and/or IC 2 domains of the first 7 TMS 
receptor of the chimera. Moreover, a carboxy terminal region may be deleted or added to the 
chimera. For example, when the first 7 TMS receptor of the chimera (which contributes the 
ligand binding domain(s)) normally incudes a carboxy terminal region and the second 7 TMS 
receptor of the chimera (which contributes the signal transduction domain(s)) is LHRH-R, the 

30 carboxy terminal region of the first 7 TMS receptor may be deleted or omitted from the 
chimera since the LHRH receptor normally lacks a carboxy terminal region. 

In another embodiment of the invention, an agonist or antagonist of a GPCR is 
idemified based upon its ability to alter the cellular morphology of a population of indicator 
35 cells. Accordingly, the invention provides a method for identifying an agonist or an 
antagonist of a G-protein coupled receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) determining the morphology of the indicator cells; and 
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the r , • ' °" '^'P^""' ^ ^ - antagonist of 

the C-protcin coupled receptor. "sonisi or 

It has been observed that OPCR-expressing indieator cells of die invemion cxhibi. 

~ ^ -P.or agonist. For Zpt 
■nd,cator ceUs such as CHO cells expressing OPCR3 d.t couple to a G<^, , O-pro, i (e.g 
TO) become ™,re rounded and detach from the cntare dish when con.a«ed wit a 
rec Ptor agonm. Additionally, indicator cells expressing GPCRs that couple to a oTo 
pn.«m (e.g., P2.adre„ergic receptor) become more spindled and elongated when coLted 
.0 -*-7»".o™-Moreover,suchchangesincell„,a,mo,phologycan^c™^ 
r eversed. by tother contact of the indicator cells withareceptoranSonistZr^^^^ 
est t^mpound can be identified as an agonist of a GPCR based upon its ^Zl. 

.^..^orphology of indicator cells, as compared .0 the cellular morphology in .title 
"f^^^ compound, when the cells are contacted wim the test compound 

In another embodiment ofthisbioassay. the test composition includes a test 

compound(s)andatleas.o,«ta.„wnrecept„rag„nistorantagonist.Forexampiratest 
compou™. can be identified as an antagonist of a GPCR based upon its abiC in t^e 

™„ IT" ""^ ''"^ "> When 

cutoed m the absence of the agonist. Accordingly, i„ another embod,ment ,he inventon 

20 provdes a method for identiiying an antagonist ofa G-p™,ein coupled receptor! Z p-^g. 

a) conlacnng a population of indicator cells with a test composition 
contatmng at least one test compound and at least one taov™ receptor agonist- 

b) determining the cellular morphology of the indicator cells- and 

25 coupled recepto!""'"'"' " ~ ^ ^ -"gonist'of the G-prolein 

a cell Cel,rmo'^hf 'T T""'" '""'^'^ ^'-^P' of 

a cell. Cellular motphology of indicator cells can be determined by standard light 

microscopy. Moreover, digital imaging of the cells can be perfomied to quantitte 
P-ameters ofcellularmoiphology, such as cell surface area. Formamm lian ^s 

OPCRs as previously described herein can be used in this bioassay wherein recertor 
agonists or antagomsts are identified based upon their effecls on .he mo Jholor„fre 
indicator cells. Fo-ample, in various embodiments, the GPCR can coVeZ 0 



Another aspect of the invention pertains to methods for preparing celU th.t . 
recombina„tGPCRs.Thesece,lsaresuitableforuseasindicato^c:r;rrb::::^^^^^ 
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invention. The methods of the invention for preparing GPCR-expressing cells are based, at 
least in part, on the discovery that stimulation of a recombinant GPCR expressed on a host 
cell with a receptor agonist can lead to decreased cell viability and/or decreased cell 
proliferation. Accordingly, for improved generation of GPCR-expressing cells, stimulation 
5 of the GPCR by receptor agonists is inhibited or avoided. Thus, the invention provides an 
improved method for preparing a cell that expresses a recombinant G-protein coupled 
receptor on a membrane of the cell comprising introducing into the cell a nucleic acid 
molecule that encodes the receptor such that the receptor is expressed on a membrane of the 
cell, under culture conditions in which stimulation of the receptor by receptor agonists is 
10 inhibited. 

As used herein, the term "recombinant G-protein coupled receptor" refers to a GPCR 
that is encoded by an exogenous nucleic acid molecule introduced into a host cell (e.g., the 
GPCR is encoded by a recombinant expression vector that is transfected into the host cell). 
Preferably, the host cell lacks endogenous expression of the GPCR. The recombinant GPCR 
1 5 may be derived from the same species as the host cell or from a different species than the host 
cell (e.g., a human recombinant GPCR can be expressed on a non-human host cell, such as a 
CHO, COS or 3T3 cell, etc.). 

In one embodiment of the method for generating a cell expressing a recombinant 
GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
20 inhibited" comprise culture of the cell in a medium that contains a receptor antagonist. 
Known receptor antagonists for many different GPCRs are commercially available. For 
example, for LHRH-R, the known receptor antagonist antide can be included in the medium 
or, for the Ml muscarinic receptor, the known receptor antagonist pirenzepine can be 
included in the medium. 

25 In another embodiment of the method for generating a cell expressing a recombinant 

GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited" comprise culture of the cell in a medium thai lacks receptor agonists. Media that 
lack receptor agonists may be prepared, for example, using serum from which receptor 
agonists have been removed, e.g., by dialysis. For example, dialyzed fetal bovine serum can 

30 be used as the source of growth factors for the cells. 

In the method of the invention for preparing a GPCR-expressing cell, the cell can be 
maintained under the culture conditions in which stimulation of the receptor by receptor 
agonists is inhibited until stable expression of the receptor on a membrane of the cell is 
achieved. Accordingly, the invention further provides methods for preparing stable 

35 populations of cells expressing recombinant GPCRs. As used herein, a "stable" cell 
population refers to cells whose expression of a recombinant GPCR remains essentially 
unchanged over time in culture (e.g., due to integration of the GPCR-encoding nucleic acid 
into the genome of the cell). Preferably, expression of the GPCR by the cell is stable for at 
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Another aspect of the invention therefote, pertains to stable populations of cells 
«press.„g recotnhi,^, OPCRs. The invenUon provides improved eel popTllL tt can 
■ be used, for example, as indicator cells in the bioassays of the invention . . 
.Kesecells„as.a.lepopnla.ionofce,lsexp:ssit«^^^ 
receptor ,n a culture medium under culture conditions in which sUrnulation „fTlT I 
-«ep.or agonists is inhibtted. The -culture conditions in which stil^ ^ ^r b^ 

-'^"^"-•--"Wbi.ed-cancomprise.forexample.aculn.remedittmtluu^^^^^ 
I receptor antagontst or a culture medium that lacks receptor agonists (e = TcT . 
in Which the serum therein has been dialy^d, as described aZe ' • 

chimenlopT^trt T '° """" "^^'''^^ 

cnimenc GPCRs and host cells expressing chimeric OPCRs For examnl, , I,.- • 
p™«^saji.,.ed„ucU.^^ 

GPCR). The chtmertc OPCR comprises at least one ligand binding domain of a first se™n 
^ansmembrane segment receptor and at least one signal transductio' doml of a slT 
seven transmembrane segment receptor such that the chimeric GPCR coupl^°„ aZn o 
protetn when the chimeric OPCR is expressed in a host cell. Preferably t secold Cs" 
receptor ts an LHRH receptor. More pt^ferably, the second 7 TMS J^tor 7Z J2m 

iiui coupie 10 a Cjq/11 G-protein. For examole the flr^t 7 tmc * , 

-eceptor (Which couples to O,. Nucleic a* ch^rr" 

usmg stand^ molecular biology techniques by exchanging nucleotide se,rce^eZ rn a 

^mo„(s, of .he second 7 TMS receptor for the nucleotide sequences enclgT ' 

correspondtng port,on(s) of the first 7 TMS receptor (as described above) Fo example in a 

ptefened embodiment, portions of a cDNA encoding the first 7 TMS rZ , 

R. Thus, m one embodiment, the nucleic acid of the invention encodes a chim^c rllT' 
compnstng tntracellular loop 3 of a GPCR that couples to Gq/1 1, pteferably 7c"^IhZ 
R. In another embodiment, the nucleic acid of the invention encodes a chiLric rl„"r 

.^ana3 0fLHRH-R). lny« another embodimenl. the nucleic acid of the invention 
encodes a chimeric receptor comprising intracellular loops 1, 2 and 3 of 0^711 , 
.0 G,/U (e.g., preferably LHRH-R, and ftahennore. the cat^boxT el^ na^^^^^ 
chtmedc receptor is deleted. Recombinant expression vecto. com^g atZ l^ 
.nolecule encoding a chimeric OPCR and host cells into which such a recomb'^f 
expresston vector has been introduced are also encompassed by the inventirn sl host 
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cells expressing a chimeric GPCR can be used as indicator cells in the bioassays of the 
invention. 

Another aspect of the invention pertains to a Chinese Hamster Ovary (CHO) cell that 
5 expresses a recombinant human luteinizing hormone releasing hormone receptor. Yet 
another aspect of the invention pertains to a Chinese Hamster Ovary cell that expresses a 
recombinant chimeric G-protein coupled receptor. The chimeric receptor comprises at least 
one ligand binding domain of a first seven transmembrane segment receptor and at least one 
signal transduction domain of a second seven transmembrane segment receptor, wherein the 
1 0 chimeric receptor couples to a Gq/1 1 G-protein in the cell. Preferably, the second 7 TMS 

receptor of the chimera is an LHRH receptor. More preferably, the second 7 TMS receptor of 
the chimera is a human LHRH receptor. The CHO cells of the invention also can be used as 
indicator cells in the bioassays of the invention. 

1 5 The methods of the invention for identifying agonists or antagonists of GPCRs are 

useful for identifying compounds that may be therapeutically useful in the treatment of 
disease conditions that involve aberrant activity of a GPCR. Many human diseases have been 
traced to a mutation in a GPCR (reviewed in Coughlin, S.R. (1994) Curr. Op. Cell. Biol. 
6:191-197). Moreover, many human diseases are currently treated with known agonists or 

20 antagonists of GPCRs. Examples include LHRH agonist such as leuprolide, gonadorelin and 
nafarelin, which have been used to treat prostate and breast carcinomas, uterine leimyomatas, 
endometriosis, precocious puberty and nontumorous ovarian hyperandrcgenic syndrome, the 
cardiac P-adrenergic receptor antagonist propranolol, which has been used to treat 
hypertension, angina pectoris and psychiatric disorders, the pulmonary p2-adrenergic 

25 receptor agonist metaproterenol, which has been used as a bronchodilator and the histamine 2 
receptor antagonist cimetidine, which has been used to U-eat ulcers and idiopathic urticaria. 
Other examples of GPCRs and their potential clinical indications are as follows: 
acetylcholine (motion sickness); adenosine 1 (renal disease, sleep apnea; cognitive disorders); 
a-adrenergic (hypertension, benign prostatic hypertrophy, impotence); angiotensin (renal 

30 disease); bombesin (small cell lung cancer; smooth muscle contraction); bradykinin 

(inflammation); C5a (inflammation); choly-cystokinin (panic attack; analgesia); endothelin 
(hypertension, myocardial infarction, ulcers, asthma, renal failure); and glutamate (memory 
& learning). Additional and improved receptor agonists and antagonists can be identified 
using the screening assay of the invention. Moreover, ligands of orphan GPCRs of unknown 

3 5 function can be identified, thereby allowing for an increased understanding of the 

physiological role for these orphan GPCRs and perhaps the use of agonists or antagonists 
therefor as therapeutic targets. 
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constn r " -^P'- -hich Should not be 

n d as h.u.ng. The contents of all references, patents and published patent 
apphcafons ctted throughout this application are hereby incorporated by reference. 

5 EXAMPLE! : Construction of an Indicator Cell Expressing a Luteinizing 

Hormone Releasing Hormone Receptor 
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r«==ptor (LHRH-R), su.tabte for use in ,h. serening assays of U>= invention, a cDNA 



wo 94AK)590 by S.C. Sealfon), was cloned into a recombination expression vector usin. 

by .he SV40e„l,ancer and the adenovints major lata promoter. Additionally thevl^ 
cont^ned a dihydofolate r^nctase (DHFR) gene as a selectable marj 

D,hyd,«fola,e reductase-deficient CHO cells (DUKX Bl cells; available from the 
Amencan Type cutoe Collection, RocWIle, MD. CatalogNo. ATCC C^ m ^2 

methotrexate. Stable clones were selected based on their acquired methotrexate resistance. 
fi^^AMPLEl: Assays for LHRH-R Antagonists and Agonists 

An LHRH-R-expressing CHO cell clone, as described in Example 1 was used in a 
b oassay to identify LHRH-R antagonist or agonists as follows The cells werolld 7 
t^^e wells of a 96-wen p^te (2500 cells/well) and cultured in the ^7^;Zh 
l:^: «-^«^> y available from'^Sigma Chel!! To. St 

Co Tt f^-l^y^"''' (-tide) (commercially available from Sigma Chemical 
pin eoTl^^^^ ' "-'^ 100 nanomolar. or iZ 

Talt^^lLH^ 

^ub tZ ' : '^^^^^^^^ ^^"^ ^^'^ ^"'^-^ - the absence of any additional 
substances. As another control, untransfected CHO DUKX Bl cells were cultured with 
various concentrations of agon st (fD-Hisfil-LHRH^ «l« 

go-oi uu His J-LHRH) alone or antagonist (antide) alone. 
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After 5 days of culture, cell viability was assessed using the viability indicator 3,(4,4- 
dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT). (See Shearman, M.S. et al. 
(1994) Proc. Natl Acad Sci. USA 91.: 1470-1474; Hansen, M.B. et al. (1989) J. Immun. 
Methods 119:203-210). MTT (commercially available from Sigma Chemical Co., St. Louis, 
5 MO) is a chromogenic substrate that in viable cells is enzymatically reduced from a yellow 
color to a blue color, which can be detected spectrophotometrically. To measure cell viability 
in the presence of the agonist and/or antagonist, MTT (at a final concentration of 1 mg/ml) 
was added to the cells for the final 2.75 hours of culture at 37 °C. Following incubation with 
MTT, the media was removed and the cells were lysed in isopropanol/0.4N HCl with 

10 agitation. The absorbance of each well at 570 nm was measured to quantitate viable cells. 
Alternatively, MTT was solubilized by addition of 50 % N,N-dimethyl formamide/20 % 
sodium dodecyl sulfate added directly to the media in the wells and viable cells were likewise 
quantitated by measuring absorbance at 570 nm. 

The results of a representative example of a bioassay using LHRH-R-expressing CHO 

1 5 cells are shown graphically in Figure 1 B, whereas the results with control untransfected CHO 
cells are shown graphically in Figure lA. The data illustrated in Figure IB demonstrate that 
the viability of the LHRH-R-expressing CHO cells was not affected by the presence of 
increasing amounts of receptor antagonist alone, whereas cell viability was markedly reduced 
in the presence of increasing amounts of receptor agonist alone (indicated by reduced 

20 absorbance at 570 nm). Notably, this reduced cell viability in the presence of the receptor 
agonist was reversed when the receptor antagonist was present together with the receptor 
agonist. This effect was dose dependent, with higher concentrations of receptor antagonist 
leading to greater cell viability. In contrast, neither the agonist or the antagonist had any 
effect on the viability of untransfected CHO cells (Figure 1 A), demonstrating that this 

25 phenomenon is dependent upon the expression of LHRH-R on the CHO cells. 

The results described herein demonstrate that increased viability of the LHRH-R- 
expressing CHO cells in the presence of a receptor agonist and a second compound, as 
compared to viability of the cells in the presence of the agonist alone, indicates that the 
second compound is a receptor antagonist. Furthermore, the results demonstrate that 

30 decreased viability of the LHRH-R-expressing CHO cells in the presence of a receptor 
antagonist and a second compound or in the presence of the second compound alone, as 
compared to viability of the cells in the presence of the antagonist alone or in the absence of 
any compounds, indicates that the second compound is a receptor agonist. 

35 EXAMPLE 3; Assays for Ml Muscarinic Receptor Antagonists and Agonists 



CHO cells transfected to express an Ml muscarinic receptor (e.g., Ml WT3 cells, 
available fi-om the American Type Culture Collection, Rockville, MD, Catalog No. CRL 
1985) were used in a bioassay to identify antagonist or agonists of the Ml muscarinic 
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receptor ess=„Ually as de^ribed ir Example 2. BrieHy, ,he cells were pla,ed i„,o .he wells of 
a 96.well pla,. (2500 cells/well) and cul,u.d i„ .he presence of a lc„o>^ Ml 
receptor agonls, alone (carbachol) (also known as carbamylcholine chloride, commercially 
available from Sigma Chemical Co., S.. Louis, MO), a, conceniraiions benv^en ,00 
nanomolar and 10 milhrnolar, or in .he presence of a known Ml muscarinic recepior 
anugoms. alone (pirenzepine) (commercially available from Sigma Chemical Co., S.. Louis 
MO),a.conce„.^.,onsbe.ween 100 nanomolar and 1 millimolax, or in d,e p,es«,c. of bo.h 
*e agoms. and an.agonis., a. various combinations of concen.ra.ions. As a con.ro M 
muscanmc receptcexpressing CHO cells were cul.u„d in *e absence of any addi.il 
subs.a„ces. Asano.hercontroLunt,ansfectedCHODUKXBl cells were cuL t* 
vanous conceptions of agonis. (carbachol) alone 0, antagonis. (pitenzepine) a,„„e 

a, H r °' ""^"^ "^'"8 ability indicaior MTT 

- d^r-bed .n Example 2. The resuUs of a „p.se„.,ive example of a bioaLy „sin *e 

Ml muscar,mc recepror-expressing CHO cells are shown graphically in Figure 2B whe*as 

he result w,.h con»o. un-ransfeced CHO cells are shown graphically in Figure 2A StaI 

.0 the results observed „i.h .he LHRH-R-expressing cells described in ExampT2 1 Z 

..lustraied .„ F.gure 2B demonstta^ that the viability of fl,e Ml muscarinic recep, 

expresstng CHO cells was no, affected by the presence of increasing amounts of tecepto, 

aj,agomst(piren.pi,., alone, whereascell viability was markedly reduced intheprese ce 

^vet^d when ,he ,ecep.„r anugonis. was present together with ,he reeep.or agonis. This 
ffec. was dose dependent, with higher concentrations of receptor anjnist lLi„ ,„ 

grea^r cel vabthty. In oomrast, neither the agonis, or the antagonist had little efr« on the 
v,ab,„ y o^^.^, CHO cells (Figure 2A,, demonstrating that ,h.s ^JZZl 

dependen. upon the expression of Ml muscarinic recep.or on .he CHO cells 

THe result described herein demonsttale ,ha. increased viabiUo. of U,e Ml muscarinic 
-=ep.or-expressi„g CHO cells in *e presence of a recepror agonis. anl second omZ 
Tecon^r '° T*' ""^ '""-es thatTe 
decreased v,ab,l,ty of Ae Ml muscarinic receptor-expressing CHO cells in the presence of a 
receptor antagonist and a second compound or in the presence of the second co^Zd a „c 
as mpared to .ability of the cells in the presence of the antagonist alone or in the abset 
of any compounds, indicates that the second compound is a receptor agonist 

Screenlneofa Library of Tes« Compounds 

«ath a hbran- of compounds to tdentify agonists or anugonists of U,e receptor. The library 
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was comprised of at least 100 different peptide compounds produced using combinatorial 
methods, divided into 10 sample pools of at least 10 compounds each. The final 
concentration of peptide was 1 .5 |iM in each well of the 96- well plate. Two of the samples 
were "spiked" with either the LHRH-R antagonist antide (in sample 6 at 1 .5 ^M) or the 
LHRH-R agonist D-His^-LHRH (in sample 4 at 1 .5 nM). 

Cells were assayed in the "antagonist mode" (i.e., conditions which allow for 
identification of receptor antagonists) by coincubating test compounds in the presence of 
1 nM D-His^.LHRH, or in the "agonist mode" (i.e., conditions which allow the identification 
of receptor agonists) by incubating test compounds alone with no other additions to the cell 
culture. After 5 days of culture, cell viability was assessed as described in Example 2. The 
results, shown graphically in Figure 3, demonstrate that the assay system in the "agonist 
mode" readily identified the sample spiked v^th the known LHRH agonist (sample 4, with 
D-His^-LHRH), whereas the assay system in the "antagonist mode" readily identified the 
sample spiked with the known LHRH antagonist (sample 6, with antide). Furthermore, the 
1 5 presence of the pool of combinatorially-produced peptides did not interfere with the assay, 
indicating that complex mixtures of compounds can be screened using the system of the 
invention. 



10 



20 



EXAMPLE 5: Description of Cell Morphology Changes 



A human p2-adrenergic receptor-expressing cell line, prepared as described in 
Example 1, was incubated with either 1) 1 nM salbutamol (a known p2-adrenergic receptor 
agonist) or 2) 10 nM butoxamine (a knovm p2-adrenergic receptor antagonist) together with 
salbutamol, in complete growth medium. Several days later, cells were analyzed by 

25 photomicroscopy to determine the effect of treatment on cell morphology. A representative 
photograph of the results with cells treated with salbutamol alone is shown in Figure 4. 
Salbutamol induced both a change in cell shape (i.e., elongation of the cells) and an 
alignment of the cells with each other. Consequently, the total are of the culture surface 
covered by the cells was greatly reduced by exposing the cells to salbutamol. Cells exposed 

30 to both salbutamol and butoxamine were indistinguishable from control cells, demonstrating 
antagonism of this effect by the receptor antagonist. Assessment of the agonist or antagonist 
properties of individual compounds or libraries of compounds can be achieved by, for 
example, microscopic observation of the cells, or alternatively, by video digitizing techniques 
to quantify cell shape changes and/or cell alignment changes. Butoxamine alone produced no 

35 detectable change in cell shape or alignment, nor did salbutamol on untransfected CHO cells 
that did not express the recombinant p2-adrenergic receptor. 
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EQUIVAF.FNT9 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routme expenmentation, many equivalents to the specific embodiments of the invention 
descnbed herem. Such equivalents are intended to be encompassed by the following claims 
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CLAIMS 



1 . A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

5 a) contacting a population of indicator cells with a test composition 

containing at least one test compound; 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
1 0 the G-protein coupled receptor. 

2. The method of claim 1 , wherein the indicator cells are mammalian cells. 

3. The method of claim 2, wherein a nucleic acid molecule that encodes the 

15 receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

4. The method of claim 3, wherein the test composition comprises a library of 
test compounds. 

20 

5. The method of claim 3, wherein the test composition further comprises at least 
one known receptor agonist or at least one known receptor antagonist. 

6. The method of claim 3, wherein the test composition further comprises at least 
25 one agent that alters the metabolism of at least one second messenger in the indicator cells. 

7. The method of claim 3, wherein the natural ligand for the G-protein coupled 
receptor is unknown. 



8. A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

9. The method of claim 8, wherein the indicator cells are mammalian cells. 
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1 0. The method of claim 9, wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

11. The method of claim 10, wherein the G-protein coupled receptor couples to a 
Gq/1 1 G-protein. 

12. The method of claim 1 1, wherein the G-protein coupled receptor is a 
lutemizmg hormone releasing hormone receptor or an Ml muscarinic receptor. 

13. The method of claim 10, wherein the G-protein coupled receptor coupl 
Gs or Gj G-protein. 



es to a 



14. The method of claim 11, wherein the G-protein coupled receptor is a chimeric 
15 receptor comprising at least one ligand binding domain of a first seven transmembrane 
segment receptor and at least one signal transduction domain of a second seven 
transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein in the indicator cells. 



20 



25 



15. The method of claim 10, wherein the test composition comprises a library of 
test compounds. 

1 6. The method of claim 1 0, wherein the test composition further comprises at 
least one known receptor agonist or at least one ioiown receptor antagonist. 

17. The method of claim 10, wherein the test composition further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

18. The method of claim 10, wherein the test composition further comprises at 
30 least one agent that alters the metabolism of at least one second messenger in the indicator 

cells. 



19. The method of claim 10, wherein the natural ligand for the G-protein coupled 
receptor is unknown. 

35 

20. A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 
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b) determining the morphology of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

5 21 . The method of claim 20, wherein the indicator cells are mammalian cells. 

22. The method of claim 2 1 , wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

10 

23. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gq/1 1 G-protein. 

24. The method of claim 23, wherein the G-protein coupled receptor is a 
15 luteinizing hormone releasing hormone receptor or an Ml muscarinic receptor. 

25. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gs G-protein. 

20 26. The method of claim 25, wherein the G-protein coupled receptor is a P2- 

adrenergic receptor. 

27. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gj G-protein. 

25 

28. The method of claim 22, wherein the test composition comprises a library of 
test compounds. 



29. The method of claim 22, wherein the test composition further comprises at 
30 least one known receptor agonist or at least one known receptor antagonist. 

30. The method of claim 29, wherein the test composition further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

35 31. The method of claim 22, wherein the test composition further comprises at 

least one agent that alters the metabolism of at least one second messenger in the indicator 
cells. 
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15 



32. 



The method of claim 22, wherein the natural ligand for the G-prdtein coupled 

receptor is unknown. ^uupiea 

33. A method for preparing a cell that expresses a recombinant G-protein coupled 
receptor on a membrane of the cell comprising introducing into the cell a nucleic acid 
molecu e that encodes the receptor such that the receptor is expressed on a membrane of the 
cdl^n^^^^ 

• ^^7''''"' '"'^"^^ '"-'"de culture of the 

cell m a medium that contains a receptor antagonist. 

cell • H- ^'^^ '^"'^"^^ ^^"'^"•^"^ i-'"de culture of the 

cell m a medium that lacks receptor agonists. 

36. The method of claim 33, wherein the cell is maintained under the culture 
conditions in which stimulation of the receptor by receptor agonists is inhibited until stable 
expression of the receptor on a membrane of the cell is achieved. 

20 37. A stable population ofcells expressing a recombinant G-protein coupled 

cep or m a culture medium under culture conditions in which stimulation of the receptor by 
receptor agonists is inhibited. ^ ^ 

25 antagonist: ^'^'^^^ ^"'"^^ ""'''^"^ ^ 

39. The cells of claim 37, wherein the culture medium lacks receptor agonists. 

40. The cells of claim 39, wherein serum in the culture medium has been dialyzed. 

hormo '\ ^ ^l!'"''' ""^'''^ "^"'^ ''^P^^^^^^ ^ recombinant human luteinizing 

hormone releasing hormone receptor. '"icmizing 

42. A Chinese Hamster Ovary cell that expresses a recombinant chimeric G- 
protein coupled receptor, the chimeric receptor comprising at least one ligand binding domain 
first seventransmembrane segment receptor and at leastone signal tran^^^^^^^ 
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FIG. 2A 
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